(Motion of Systems of Particles) 



ul-4 



oLluo. ^La^iai* <lK j^j-a J-uaAJI IjJh ^ ei^Jilfl .oljdll <j-o Ij-^. jju£ Jj£. J^ 

uU^Li ^j Vt.. . ^ <<cjLxuj <Gcjjuj jj Vi« Jjjh <tUI j^j^ <^j^ o^j^ f^ . jjjJI 

i^J^ll ^jl^ll fJ^I iLL^.j ^^j-Lkll j^^' "^-^ '^"^ (J^l^ *i mi AJ .4-l^j-^ 

< pj^ mo JcLSh. ^^ic p I jjuu < c^ <\j"»> CAf AjLu-alll <JLuu-o ( Jc dllj 3;^^ < ob-U-u^ 

J^lj J£ jLl^l j£<u dxx^j Jj^. 4«jnA» I4I1J iljLllI ^jki\ jj£; J\ jl<u -Jl 
liLa^ ^III iitLLil C^IjaJI <^ JfcUn ^ji ill Jc J£Ll^ J< ^ K j^-:^ L^lo 
Ce <JjUi1I ^Ul j^ ji j^u L^ .ii^LUI oljUJL^ ,jVI ^ 1 fl jl 
JLluJIj <LUJI fL^Vl ^i U£ ^UaI ji^tf S^S Ujkll\ o^ 
^> <^lLlll hjjllj <^>=JI ^>5JI j^lll L^i ^^ J£ ^.A>j ^1 ,(<I^LJI) 

^jJc L^Lo (^J MI ? J^ ^JLjLjLo <6jf^ 4-ojJalo <£j*> <LujIjJ Ok. < lliic C-A^jlj <1UJI 

dLiV .<uk SjUjil <jJSJI (^j-aII jflfc o^J L^ <Jj^% ^1 4-5-j^-LJI w^"j <S^x 
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N^ <iJ> iojtlo J\ J <<aL^II ^Lua&l i^uuilL JUJI ^ L£ ^ca^VI J^Uii 

.(coupled equations) iksijA <1jIju> 3NJ^ 

jlj^ j^uil L^ic jiki ^ill iksill 6 i$J i^JL LojklLI pI>^1 <^j-^ <_^ljj 
.<1£lLa oL^kil 1$*1jj& jj-j <_ij^ JVi ^ujjL-uj ^Center of Mass) <li£]l 

:<»U]L ,(1-4) JixiJI ^ L£ u^jHI ^ ,jJI . . . j r 3 j r 2 j r lt — 1^1 



(1-4) 



R. 



m l r l + m 2 r 2 + " 

m l + m 2 + ••• 



(2-4) 



MR cm = ro 1 r 1 + ro 2 r 2 + 



n.n-Jl USJI <t£II Md 



(3-4) 



Af = m! + m 2 + ••• 




(1-4) JLill 
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:JUJL i^ilj^VI j^Lai Jc IfSLS^ aVjj (2-4) <ftUJI i,L£ j^u 



(4-4) 



MX cm = m l x l + m 2 x 2 +' 



(Center of Mass of Rigid Bodies) <l ^ ^ — ^ 2 h< ^j^ 3 - 4 



<Ji£ 3^ j-^>o jL ^^ (1-4) <-5^LsJI Jjj-^ o^f 

^^JaA-o <JKJI j^^ J-^i»>A Jf** - ^ LaJ^ .(2-4) J^.till ^Jf lo£ <r<LaJLoi <JU-oj-o 






(5-4) 



R 



Af 



\rdm 




(2-4) Ji^Jl 



jxa^iaJI ^ SjLJJ (7oca/ volume density) (gjt.^ll) '_"■—" <il!&]l ^jj^jlL 



(6-4) 



. , dm 
P(r) = — 
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:(5-4) <SM*JI 



(7-4) 



1 f 
R = — \tp dV 

Ml 



■<J&& (7-4) j> <fisai ^ ^^ ^ oi^^ ^ j^^ji ^ 
(8-4) Z = l|zp^ , Y = UypdV , X = UxpdV 



:J\ (7-4) <55UII Jjp jijj* 



(9-4) 



iX =dm/dl 



R = — fradS 

Mi 



•Li l 



■ J£AIL (7-4) ,-,->, .^.V . ....-» j^u / 
(10-4) R = -frA^/ 



M' 



iji I J wLy^i <1£ jS^ 14 Ji* O 

^>* t^j^ ' ."-->''b # L*^kS ^uai Sjilj >_i,^j J!.*, ^ ki.. f J .-..•.> 
: (10-4) > ^ (3-4) jsLiJI ^ LS .d/<^ L^ | P> ^ iiuj .^ 



M J 
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-X 



(3-4) jLiii 

.^ ,(r,6) oJJll ol^l^V 1 f 1 -*^ 

X= 0COS0 

y= asmB 

: j\ (3-4) J£ill <> ^* ^ 

d/=ad0 



:uA» M 



X = — f(acos0)(Aarfa) = O 
1 * 



M 



■^ JLJI <J£ u' ^ 



M= (tt «)A 
y= 2fl/w 



: Y 



Ijl 



o ■ 






i^ai <HS jSjx £-»>» yl— J 



ilaJL« J^J O^J* 



2x Wi- JS Jbl- ^^ ^ ^ ^ J ^ 



I » J II 
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: jSH (6-5) f »y....\, <(4-4) 



X = — f XCTflS 



<& = 2 jc rfy 



J 



jdy 



t 




-X 



(4-4) Ji^JI 



;=V^7 



rfj;=- 



xd!x 



v^? 



1 ° 
X = — \ajxX2xX- i X )dx=Q 

M i V« 2 -x 2 



' = — f<xV« 2 -x 2 (2*)(— 7=^ — )dx= 



2oa?_ 
3M 



:0" L£ 



■J tf< 



: (j-* c>°^" ' '"•" ^ U^ <l*^-« 



M = (\na 2 )o 
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Y = — 

< JP"» ft jl <jj^^ j| <4hViI <UjuxJL IjJoIxLoj L-ujLkl_o >„ Ji^tl a > ti'vll jlS Ijl 
j^aj-^aj ^^L Lo-iJ (j^Jj .<Jj^ mm <GJl£ J^J-a ^L^y «^lj cH» AjU"i mV 1 J^ <u 4 

»(5 J*»" ,i l l dJj ^ ajflj «l££ J^J-a <jU JP'nl 4 mntL IjIaLlo a mi^II jl£k Ijl -1 
Ixk ^Jt jJb <Qil£ J-^J-ft OJ-^ C&j" 1 '"^ <-Ajuu1IL Ijial n a hm%11 jliJ Ijl -2 

. 1 ft(j*UUj 
jU 6J^Jj <Laj ^ <*LUlo oLjIiiio <5^ol 4 i i.intL I^JallLa aiii-%11 jll Ijl "3 

. t-Ajic aJL <&££ J^j-o 

.ilaAlJI dfc Jlc jJL <2fc£ ^Sj-o jU <JUilt 4imm1L l^bUlo am.^II jt£ Ijl 4 

^lallU <GI Jia^ (| 5-4) JSLLtJI ^ j^jil ^uuu^JI ^xbu : 1<JUJI ^ Jl<£ 

J-a^jj a m i -\\ \ J* J-<uVI v-fljJcJI ^ itaij J£ J^J J* <j] ^1) P^jlua-oil <UmmIL 

£-!L Jl o^J dlljl <(a mi-%11 J^ ^-ujVI cJ^kll ^J <lo jxJI IJJU& ^Jc <HjL-o ikij 

.^J*l mi, I IjJb L$ -fl a i n^Vll <JjS j^J-° 

,( v 5-4) JUJL i^^il i^uitl SjUl ^u :4j 3j 2oVLJI <AJ Ji^ 

Ixi. ^Jc I (ph^ J^^^ -0 J^4 Jl <-«> j^ Pj j P 1 cruj1 mi oil 4 t mi'iIL S^IaLLl-o ^ ^ 

6i^i ^iLlJLi ^^^aoijlfll U^S^-o) ikilll i^uulJL S^klHo Lfil L£ <lnfl t Uli^ 

. w-ij^uo jJb La$ < L^ltS j^j-o ^j-A <LSlll 
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(5-4) Jiill 



(') 



(Pappus Theorems) ^L ll.jU-. 5 . 4 

t^ V L^J <^l i^M oLL*il J L^I <0 L,VI ^ ^ ^ ^ 
^J^ ^bii^L .^k« ji y^ j^ ^ ^^ ^ ^_ -^ ^ 

j^ ^ <** ^Uiv ^ j^ ^ ^ oUjJ ^ ^ Ul . kUir 

•"ul^l J^ <J£JI j^ U-J-L.^oll <iLJL Lj^^ ^.h 
J* ^^i* JL- <JS 3^ ^^ ^l^ ^ ^ jV( ^ _^ ^^ 

^' J>- ^1 Cu ^ jc <^UJI <^UJU 1 j^y^ - (j ^^ j^ 

:»jSli <fl U>ki ci^ Sj£ <^L^ ^L^ (6-4) JLill jk AB 

S=Aza 2 




(6-4) JSLSJI 
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\na 2 ={na){2ny) 



oy^Jc <t£JI j^j- £~»>l j>> 

:JI 4I.LJI <5iUll <> -la^ii 



r 



2fl 



.JJSDI <LLu* (1-4) Jlill ^ l*J* LL^ ^1 <~UI o^ <s*s 

2h<l l £jj> I j.Ls. ^iJ| iiLJLL Ifx^J^ ^LkSJI <a.L— ^L-2 .L^ijJo ok. VI 
:0l ^1 ,ijZ ^t ^Ul ^1 0' ±**>J <(7-4) JliJI ^ L* .^j^l JU^ 




(7-4) JfLill 
W=(WX2;ry) 
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4« 
3tf 



=? « * 



(2-4) juii 



1 - 4) Mt cw = m x i x + m 2 T 2 + m 3 r 3 + • • • 

■■& 
m ( f,. =p ( . 

^1 L£ <t f_n . .-JI (jJoiJI f^ll p.,ia 

:J1^JL, (11-4)^ JJjJ .<j£J| ^^^kill fijll P 

:ja^ (12-4) jjlSLiL 

(13-4) ^ = M-*L + *2 + ... 

dt cn dt dt 
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•^ 



dt l 






dp 

(14 _4) ^l = M i cw=Fi + F2+ ... = f 6 , 

at 



:J£^JL (14-4) j£i Ijl 



05-4) ^=1^=-^- 

,=1 * 



fr <■ 



jlc <LjLx-d$ILo iijlo 4_kiJ AjuuuaJI j ;**•** J I <oLajiauilj 4 Jiritl 6j n*sll aLuu^^U 

:jl£ Ijl «GI (15-4) <&UJI O-o ;ym„M 
(16-4) F^ =0 
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(17-4) 



Pcm =MR C m= Pi +P2+ -+p B =«=* B 



oU^ua. Sa*l (Conservation of Linear Momentum) ^JoJAS ^jH Laa. laxo^b IIa 

l$jljJf ^jlfJUa. jj^ajol fi tig? I .Sxljjjt jit fJtj} I 7-4 

V^L. ^yl^JI «u^j i±-jjj t. j-^jil ^ m. Uuuua. LlJ ji ^jiiiJ 

:V^« '(8-4) JLill .J L£ « r. <la.HL SjJail / <UUt 

- ./ ' ^ 



(18-4) 



L.. =r. xm ; v,.=L xp, 



.IfjuiaJI 



fA>* cP!/ iIaSlJI 6-»<^L« r , = r f r L»^ - 'fj --?H <c. 



. jjuu V . »_**-^ 




(8-4) js^ill 

J r 2 J r ! t^'jil ^i <c^ m N j . . . j m 2 j WjoU^uaJI oil* I jl , 

:^ ; <LiiU JL^ilL I4J ^Jl ^311 ^1 .ytjjjjk.f j 



(19-4) 



A' A 1 

(=1 1=1 



L y = S L y =£(»*• x p<) 



:<*LJI <S>UJI > j^ ji^ ,jy = Qji ^1 <4i.G /iJUUI Jl j,VI ^jliii 



12- 



(20-4) ^B-VXP^S^n*^ 1 



dr.. rf(r , - ij ) ^ <k { n 



=<£» 



:,-,! L* 



I.xf = I,x fi 



IjU 



(21-4) x, =X% xF « 

y dUv.it <^]L jlLlo^VI ^ Sj5>ll iJUl <^jLiJ' c^ 1 f> ^ x ; -J^ ^ 

: Jl (20-4) cbp ^ > 



(22-4) Tj- l 



dt 



i^bll ^O ^jljll ^jll ^H^ J^^ J>1 S^-iVl ^^J' <> £^-^ 



d....;l l ; La^ ^ 6j5>il ^j>JI 31.^ n oil£ IjI <^l (22-4) ,> Ji^li 
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(23-4) 



x y =0 



Lj =cuC 



. (Conservation of Angular Momentum) tjjljl f {JLjl I fc*~ i j^& ^a \±a 

■ 6j t~u ii n 4jl^ ^ uAj LajJ OjG (£jlj ^j^ tiljAJJ <4j)LoduJI 

«i Lkl I Li*, i Aaaj O Lyytft <*>LU, 4a^>aJ I <i Lkl I 8 - 4 

:J£AIL oLuua. io^klL <j£>JI <5LkJI . ■'<•■ 



(24-4) 



r = E2 m '^ = X2 m ' (v '- v () 



,>£>! < t mi'iI Lj <f <LaJllL Cut « r ^»lji ia-uallL m. ^A-uu-aJI *,».*%£* Ujj.^. IjLi 
CuLjJI ujSI^II ^^uiil ixjuullL ifcSJI ^£>-o f-^aj-o JJ^aJi La£ .I\ <La*ltL <JjUI 

.d^ ,(9-4) JixiJI ^ L£ ,r <u^L 

^ ^ cm * * 

(25-4) 



(26-4) 



f = r- 4- r 




(9-4) J$M\ 



V = V- + V 



•oj£* julxiiVL 
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■ £jl\ IJ4J SiuuJL fJMi^ll <£.jlm V. Liu <<t&}\ £ja <Cjmjj V 

:J£^JL (24-4)^ ^ <> 

7 = E 2 OT < ( V ic + V cm ) • ( v ,c + v «» ) 
= E 2 M i y2 cm + Z 2 W f V * + X m < (v * • y cm ) 

1 / I 

2^t~2 m i^cm.~^cm.2^i m i = ~2 c m • 
/' i 

:JSLlxJL I j\t /i*i 

(27-4) r =I Mv 2 m+ £I m . v 2 

iJUlWI i^^Jl 4j£^JI «ilkll ^j^y ^ CiIajmi^ LojlVit ii^j^JI <IlUU 

UUJI £ > <^i liL^VL ((27-4) > ^Vl J^kll <> J3VI x^JI) <klil >£>l 

<> J^VI ui^UI <> ^lill XsJl) <JjS1I ^^i ^..nlL ol nn,, ? ll J£) 4-^j^JI 

.((27-4) 

:Jn itill ^j-o f-^Ai ^LL* jL^-»l 
(28-4) 7=7(^^2,-,^) 
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VJ* ^ f^ L>* 



(29-4) ^r + 7=I^ + Ji»y fc + V(r 1 ,r 2> ... > r JV ) 

:<,l2L <*^, 450, ^ ^j, ^ 5j5 ^, 5jSJ) jL ^ ^ _ JLJ) ^ 
(30-4) P = -V V(r r * \ 

r i v ; ,/ ^ r i,r 2 , ••• ,r N ) 
.1 j^^JJ <^JL ^ jUi^VI 4oLc ji Jc v . (operator)^ J 



(31-4) Piz =-iL F =_?L ' _ dV 



(Collisions) oLajLAlM 9-4 

*V^ U& .L^ill ^ j:LJI ^1 ^ L^_^ c^^^ rjLa3 i/^ 

oL^^JJ ij^j, UUaJ) (^ ^ ^ ^ : ^ IoUjL-3J| (]) 
UKH UUJI LhjJ OJI^ ^ill ^ : ^ ( ^ oLoj( _^ )(v) 

: (Elastic Collisions) <±J. I L» jL^U 1 1 - 9 - 4 
jia~ .1^,1 ^i j. p ^ p , fjUaIJ , ^ <v ^^j| j. , p 2j p ^ ^l^j, 



(32 4) Pl+P2 = Pi+p2 



(32 ~ 4) rj + r 2 = 7^'+ r 2 - 
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:J^JL (33-4) 453UJI LtjS &~ 



(34-4) 



2 „/2 „/2 



2m x 2ro 2 2mj 2w 2 



s 



2m : 



j (32-4) c^oS^UJI > 



:(10-4) J^lj (33-4) 

^zzp^cos^-f p' 2 co$<l>2 
0=pjsin^ 1 -p2 sin ^2 

m^ 



mi 



TW-i 




(10-4) JLill 



(35-4) 



Pi mj + tf^ 



-cos^l^ 



m! cos 0! 
< m 1 ^m 2 J 



\ 2 






^Jl <La^l i^uilL f jL-UI ^ JL3VI j^^ll ,^1 fijll <x-^ (35-4) ^Us 
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: iilllll oVLJI La ^juoi 



^ m 2 + m 2 



\ 2 



+ 



m 2 - ^2 

m x + m 2 



(30-4) 



(f> x -(j>^ LjIc ji.^ll LjLa-o jji^ijni 



m 1 cos(l) rf 
m 1 + m 2 



V 



a^2 



mi - m 9 



mj + m 2 



: u' c£' 



COS0, 



2 2 

mi 



<G| ^Vn ,,n lil .UJa J^o ^ IjJ* j LlL* (29-4) ii^UJI ^j^-LU 1 J 1 ^ 1 

t> oLilj ^1 ol^ V Alii m 2 <i* ci^l ^jM, ? t m 1 JaaI fj«»> ^jk^ L>jic 
.(11-4) JfLiJI ^i L£ (30-4) <1jUL SILUI0 <> ^| Ljl^ 6j L^ 



Pi 



m. 



m-, 




(11-4) J$aiA\ 



l^L-^j-S iAU ji ^ p, lC) ii <j> 1 <e ml j^i Uaiii 4i1 (35-4) <> g r. ■■■•, 
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JjS SjoJLua <oilillj <(glancing collision) ^U> AjL-aS J^ Jsi IjjlA Ljbla^i 

. LajU (head-on collision) ^\j fuLu^ ^ 

:0i (35-4) <Jjbdl > <JUI 6iA ^ 1^:>U :rn l =m 2 (^) 



(36-4) 






,( < (backscattering) ls sdL oU£ ji JjSjl (jVjQ^K Jl\ 



(38-4) 



m 7 -m, 

m 1 -hm 2 
2m, 

&=—r—Pi 

m x + m 2 



-.{Inelastic Collisions) ilji I joa oLojL-cJLII 2-9-4 
jdx. l^ji ^JLij (Totally Inelastic Collisions) *L1£ ti^JL I j^ oL jUaIJ I (1) 

.jjSl jl £g ft i n^ jJI a m^fc j U i tin ^1 jl < I J-aJj i ft i n^ j \ * A\ j 

L^oi ^jSui (Partially Inelastic Collisions) Lp>* ii^JLI ^ oUjL-alll ( v ) 

.ajLuajII <^x_l1J L^Jafl oilLkl fjjj ^|) «^« * ^£. 4 1 info ft <LojLu<aliJ pi nu n^ll 



(39-4) Pl = P ' +P ' 2 

1 r 1 + r 2 -(r 1 '+r 2 o=!3 
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fjl^UI j*^ Jj f Loa.SU 4JS1I 4J5HJI ^ j>ll<2 
r jL«2l jl Jjiij fJ L^UI JU^Li j^ iiUJI ^ jU Q>0oil£ Ijl 
^ <*UJI o^J <»Lj fJ LoUI j,U <9<0oiK Ijl, .(exoergic) UIL11 j 

*US <ijl I j^ oUjL^UI ( i) 

(v 2 =0) jSLu w 2 pc ^^ ^ v^^ jj^ Wir ^ r ijjLuJ <IU ^.jjIm, 
: fijll lii* l.u- ,> j*ii ,(12-4) JiJjl ^ LS t jL-3II jju <, J^lL a^ 

(40-1) w 1 v = (w ] + m 2 )v 

^ J 1 

(41-D fi=i«^(-J!!2_ ) = ( _J!!i_ )r 

m 1 + tn 2 - m l + m 2 

.J//I j^uaJ <jlu»Vl <j£jaJI <2QJI f. 

— v i) ^ ^a. v 



1 m 2 m l +m 2 

(12-4) JS^JI 

V> fc>ll j#* oUjLuLUI ( v ) 

0- v^ 3lLSt «(13-4)J1^JL j^ ^ LS ,m 4 j m 3( JejL;^ .^^ C LW 

Pl=P'l + p2 
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m. 



«; 




(42-4) 



(13-4) JLAII 

:<iLJI <3^JI > o~ (13-4) J^ill J ^ <j5^V JiM 1 J^ 
\ P\= Pi cos 03 + P4 cos 04 

1 O = p 3 sin^ 3 -J>4sin0 4 



(43-4) 



r 1 -(r 3 + r 4 )=Q 

:Je j (42-4) crybWJ ,>0 4J L^.L 
(44-4) p4 2= A 2+ ft 2 - 2 AP3 cos0 3 



(45 _4) n=r 1 (l--^)-r 3 (l + -^-) + 2 A /(m^m3/m 4 2 )r 1 r3 cos03 
m 4 w 4 



3 yi(Q-f«i««)Q M» ^ W" '^' tf* (45 " 4) 5auJI Ja * 1 ^ 



<> *? 



.^ jtUi ^1 *i>*y ^jj^ 11 j^ 
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(Coefficient of Restitution) j f j3 j i \ Jj*Lla 10 - 4 

(46-4) ^-^ = ^(^_i; 2 ) 



cr« ° * <^S c^'^Hi (coefficient of restitution) jljZjii JjtLute^^ Ulu 

.LL: j^ jxjL^i <1U ^il j US j^o j^ ^jL^ <1U 
>oj^ Loiij (relative speed of approach) s. ; ^J I yjUU I itj-uJ z; -^ >^ 

. ( relative speed of seperation) 2« : ^t | j^, Lpj | s^^i ^ _ ^, 
CjU i^ljjJ ^1 ^i^ i.u* J\ UL^IL (46-4) <S^LJI ^Ij^iuul ji<u 

(Tfte Two -Body Problem) £ £*<< ^ I <JLu^all - 4 

c^jVl ji ^^Illj ^jVLS <j»j»UI1 oUjJiUI ^1 ^ j^Ls L^V i^U 

JS^JI ^i L£ <CbuG v^Sl^l <oxullL r 2 j r^ cgnj". ? ll fr-v* l >j '4* 

r^llll ^jaj o>J>li 4> yj& iljlc. <(14*4) 

(4 7 _4) j w i^i= F « 

(m 2 ji) m 1( > (Wjji) m 2 U, jfo ^ill JUiUi Sj sj| j| p 2i 3 ])E U j^ ^ 

:<jli £j£JI J2^ Jj^U ^ 
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